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SECTION I - PURPOSE 
 
The purpose of this training course is to explain the techniques for obtaining Aggregate 
Base Course (ABC) samples from roadways.  These samples are called Roadway 
Assurance (RA) samples.  The North Carolina Department of Transportation (NCDOT) is 
responsible for obtaining and testing these samples to check the material against gradation 
specification requirements.  Any technician obtaining a RA sample for specification 
acceptance must have a valid ABC Sampling Certification. 
 
Under the current Aggregate Quality Control/Quality Assurance (QC/QA) Program, 
NCDOT certified representatives of aggregate producers obtain Quality Control (QC) 
samples and NCDOT Materials Inspectors obtain Quality Assurance (QA) samples at the 
quarry.  This is sampling of the material prior to roadway placement.  Sampling under this 
Program is discussed in the QC/QA Sampling and Testing Certification Course.  Under 
the QC/QA Program aggregate producers can also take Roadway Quality Control (RC) 
samples from the roadway for their internal use, that is, to obtain additional information 
concerning quality.  Due to safety concerns an aggregate producer representative must 
obtain permission from Resident Engineer prior to visiting the construction project. 
 
Resident Engineers are scheduled to receive copies of aggregate producers QC test results 
within 72 hours after the sample was obtained.  The Resident Engineer should review the 
QC test results to verify if minimum specifications have been met and if any penalty points 
were applied to the contract price.  Due to the importance of aggregate materials, 
representative(s) of the Department should study Sections 520, 1005, 1006, 1008, and 
1010 of the NCDOT Standard Specifications for Roads and Structures, plans, project 
special provisions, and sections relating to ABC material in Division 5 of the NCDOT 
Construction Manual.  Additional details regarding the QC/QA Program can be obtained 
from the QC/QA Program and Testing Manuals produced by the NCDOT Materials and 
Tests Unit. 
 

SECTION 2 – IMPORTANCE OF PROPER SAMPLING 
 
A sample is defined as a “portion, piece, or segment that is representative of a whole”.  It 
is therefore important that the procedure(s) used to obtain this small portion not 
compromise the requirement that it be a representation of the larger portion. 
 
As will be discussed in the sections that follow, each ABC sample consists of a pair of 
samples - “A” and “B”.  This sample pair is taken to a NCDOT laboratory and tested for 
gradation.  The results of the two individual tests are averaged and compared with the 
gradation requirements given on Table 1010-1 in the NCDOT Standard Specifications 
for Roads and Structures (Specifications). 
 
There are penalties associated with non-conformity with the Specifications.  For material 
that has been laid out on a roadway, non-conformity can result in a rejection of the 
material.  Improper sampling (that is, when the portion obtained did not represent the 
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larger portion) of the ABC has repercussions that can be costly.  Following proper 
sampling procedures cannot be overemphasized. 
 
 

SECTION 3 – AGGREGATE BASE COURSE – DEFINITION AND TYPES 
 
Aggregate Base Course (ABC), as defined in the Specifications is “a base composed of an 
approved aggregate material hauled to the road, placed on the road, compacted, and 
shaped to conform to the lines, grades, depths, and typical sections shown in the plans or 
established by the Engineer”.  The base is the layer directly above the subgrade. 
 
There are two types of ABC material depending on how and when they are tested for 
conformity to specifications.  These are: Type A ABC and Type B ABC.  Type A ABC is 
sampled by the producer from a production pile.  Type B ABC is sampled by the producer 
from an “approved” stockpile, which has specific permissible dimensions in terms of layer 
thickness, tonnage per layer, etc.  There is tighter control in building an approved 
stockpile compared to a production pile.  At a quarry, a production pile may have material 
being added at one end of the pile while simultaneously material is being taken from 
another end.  For an approved stockpile, the material is continuously added until the 
specified pile is built up, and then used for a project without further addition of material to 
that pile.  Both, however, are used for roadway projects.   
 
 

SECTION 4 – ROADWAY ASSURANCE (RA) SAMPLING  
 
Whether Type A ABC or Type B ABC is used for a roadway, it has presumably already 
been tested by the producer (QC) and by the State (QA) for conformity with specifications 
while the material is still at the quarry.  Again, the purpose of obtaining RA samples is to 
ensure that the quality of the material placed in the roadway is no different from the 
quality of the material from the quarry that has satisfied the QC/QA Program 
requirements. 
 
The sampling procedure to be used depends on whether the samples will be obtained 
before or after placement of the material on the roadway.  In situations whereby the 
material is to be mixed with other materials prior to roadway placement, (that is, when to 
be used as “Stabilizer Aggregate” or “Cement Treated Base Course”), samples of the 
material will be taken prior to mixing. 
 
A.  Roadway Sampling 
 
When sampling ABC from the roadway, a NCDOT-approved sampling ring is used.  The 
purpose of the sampling ring is to “isolate” the sample from the rest of the roadway.  The 
specifications for this ring and the procedure to be followed in sampling are given in 
Appendix A.   
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As previously mentioned, each test will require a RA sample pair - “A” and “B”.  Both 
“A” and “B” samples must weigh a minimum of 70 pounds dry in order to be processed.   
 
Whether Type A ABC or Type B ABC is used, a sample pair is taken for every 5,000-ton 
lot or fraction thereof.  The “A” sample is taken from the first half of the lot (i.e. the first 
2,500 tons), and the “B” sample is taken from the second half of the lot (i.e., the second 
2,500 tons).  Random numbers are used to locate sampling sites in order to prevent biased 
sampling.  The procedure for using random numbers is described in Appendix B.  If the 
Specifications require two layers of ABC to be placed, close-out the sampling lot of the 
first layer prior to placement of the second layer of material.   
 
B.  Sampling ABC used as “Stabilizer Aggregate” 
 
In order to stabilize some subgrade soils, a two- to three-inch thick layer of Stabilizer 
Aggregate is added and mechanically mixed with the soil.  In order to obtain a 
representative sample, the Stabilizer Aggregate is sampled while it is in the spreader box 
prior to placement.  Each test will require a RA sample pair - “A” and “B”.  Both “A” and 
“B” samples must weigh a minimum of 70 pounds dry in order to be processed.  The 
guidelines for determining the lot size are given below and are exactly the same for 
roadway sampling.  
 
If the spreader box contains Type A ABC or Type B ABC, a sample pair is taken for 
every 5,000-ton lot or fraction thereof under the QC/QA Program.  The “A” sample is 
taken from the first 2,500 tons, and the “B” sample is taken from the second 2,500 tons.  
Random numbers are used to determine sampling tonnage in order to prevent biased 
sampling.  The procedure for using random numbers is described in Appendix B. 
 
When a dump truck loads the material in a spreader box, typically a conical pile is formed.  
In sampling, the upper half of this conical pile is struck off and the required sample 
obtained using a sampling ring (see Appendix A) from the exposed flat surface. 
 
C.  Sampling ABC used for Cement-Treated Base Course (CTBC) 
 
Cement is added to ABC and mixed in a pugmill to obtain CTBC.  Cement is added to the 
ABC along a conveyor belt leading to the pugmill.  Sampling of the ABC must be done 
before the cement is added.  The guidelines are the same as those used for determining the 
frequency of roadway sampling and stabilizer aggregate sampling. 
 
Equipment required for this method of sampling include a flat-tip shovel, a brush, 
a 5-gallon bucket,  a scoop, sample bags,  and I.D. cards (M&T Form 1). 
 
Random numbers are used to determine the tonnage at which the sample is to be taken 
(see Appendix B).  To obtain a sample, the conveyor belt is stopped at the appropriate 
tonnage and a flat-tip shovel is used to isolate about an 18-inch section. Using a scoop, the 
material in that isolated section is placed into a 5-gallon bucket and later transferred to 
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bags.  It is important that all the material in that isolated section be removed, including the 
fines that can be removed with a brush. This procedure is used to obtain both samples “A” 
and “B”. 
 
 

SECTION 5 – SAMPLE IDENTIFICATION AND NUMBERING 
 
Samples are given an “RA” designation followed by the sample number, and then an “A” 
or a “B”.  For example, the first 5,000 ton sampling lot on a given project will be 
represented by a sample pair labeled RA-1A and RA-1B, each weighing 70 pounds 
minimum.  The second 5,000 ton sampling lot would be labeled RA-2A and RA-2B, 
followed by RA-3A and RA-3B, and so on.  Numbering will start with “1” and will run 
consecutively for the entire project. 
 
Both “A” and “B” samples shall be submitted to the NCDOT laboratory at the same time.  
Sample cards are to accompany the samples.  One sample card is filled for each bag of 
material.  When completing the represented quantity (*Rep. Qty:) line on the sample 
card, enter the total amount of material represented by the sample.  For example, if sample 
RA-4A and RA-4B represents 3225 tons then record 3225 tons on each card.  The cards 
should be placed in a plastic bag to prevent it from being damaged, and then placed in the 
corresponding sample bags. 
 
Figure 1 shows an example of an accomplished sample card. 
 
The beginning and ending location for each sampling lot should be recorded to ensure the 
section can be identified if check samples are required.  
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Figure 1 - Information Required on Sample I.D. Card 
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SECTION 6 – FAILURE OF RA SAMPLES  
 
Type A ABC and Type B ABC 
 
Appendix C is a reproduction of Table 1010-1 from the NCDOT Specifications.  Consider 
a 5,000-ton lot of ABC.  When the average gradation test result (i.e., average of the “A” 
and “B” sample pair) falls within the limits of Column C of Table 1010-1, the lot will be 
accepted.  When the average gradation test result falls outside the limits of Column C of 
Table 1010-1, the Contractor may request a check sample.  If a check sample is requested, 
the Resident Engineer must notify the Soils Engineer of the Materials and Test Unit.  Once 
the Soils Engineer is notified, the following steps will be taken (refer to Appendix D for 
flowchart summary): 
 

1.     Check samples from the 5,000-ton lot shall be obtained in order to isolate the 
unacceptable material.  The procedure for this additional sampling shall consist of 
dividing the 5,000-ton lot of material into two 2,500-ton sub-lots and then 
obtaining a pair of check samples at random locations from each of these two sub-
lots.  The gradation results of each check sample pair shall be averaged and this 
average shall be used to determine the acceptance of each of the sub-lots. 
 
When the average gradation test results for a sub-lot is within the limits shown in 
Table 1010-1, Column C, the sub-lot will be considered acceptable. 
 
When the average gradation test results for a sub-lot exceed any of the limits 
shown in Table 1010-1, Column C, and the test results indicate the material can be 
corrected, the Engineer may allow the material to be corrected provided there is no 
additional cost to the Department for furnishing, adding, remixing, reshaping, and 
recompacting of the added material.  The method of correcting the sub-lot shall be 
approved both by the Area Roadway Engineer and the Soils Engineer. When the 
average gradation test results of the corrected sub-lot are within the limits shown 
in Table 1010-1, Column B, the sub-lot will be considered acceptable. 
 
When the average gradation test results for a sub-lot exceed any of the limits 
shown in Table 1010-1, Column C, and the sub-lot cannot be corrected or when 
the average gradation of a corrected sub-lot exceeds any of the limits of Table 
1010-1, Column B, the sub-lot will be rejected and shall be removed and replaced 
at no additional cost to the Department unless otherwise approved by the 
Engineer.  The replacement material shall meet the specification requirements for 
Type A ABC. 
 
2.     A new lot, comprising 5,000 tons of ABC or a fraction thereof placed after 
the 2,500 tons addressed above, shall be designated and the Roadway Assurance 
Sampling procedure described in Section 4 (A) shall be repeated for the new lot. 
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In the event of the failures of two consecutive lots, the Department may withdraw its 
approval of the Producer’s Quality Control Program and the material will then be sampled, 
tested, and accepted by the Department in accordance with the provisions of Subarticle 
520-6 (B) Type A ABC. 
 
 

SECTION 7 – CHECK SAMPLES 
 
The Contractor may request that check samples be taken when a test sample(s) fails to 
meet specifications.  The check samples may be taken before and/or after correction.  The 
check samples are labeled as follows: RA-1C, RA-1D, RA-1E, RA-1F, etc.  The same 
guidelines for obtaining and submitting samples are to be followed. 
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APPENDIX A  
 

ABC Sampling Using Steel Sampling Ring 
 

Equipment 
 
Steel sampling ring (12-inch outside diameter, 9-inch deep) 
Scoop/Large spoon 
Small pick 
Sample bags in good condition 
Wooden mallet 
 
Procedure 
 
NOTE: The following procedure is for taking one-half (either “A” or “B”) of the sample 
pair.  Note that 70 pounds of material will require a minimum of 2 full bags of the M&T 
sampling bag.  Therefore, an “A” sample should consist of more than one bag (for that 
matter, so should a “B” sample).  The test is to be performed on loose lift and should not 
be within 2 feet of the edge of a spread. 
 
1.  Place sample ring on flat surface of material to be tested. 
2.  Use the pick to carefully loosen material and remove with scoop or spoon and place in 

sample bag. 

3.  Lower the ring as the material is removed.  This can be accomplished by lightly 
tapping the top of the ring with a wooden mallet.  Remove all material down to the full 
depth of the layer. 

4.  If two full bags have been obtained after the ring reaches the bottom of the layer, go to 
step 6.  If not, move the ring over such that the new position of the ring overlaps with 
the previous position (see Figure A.1).  The technician will exercise judgment on 
whether there is sufficient material within the ring’s new position so that the two-bag 
minimum will be attained. 

5.  Repeat steps 2 to 4. 

6.  Fill out a sample card accordingly.  Again, this is either an “A” or “B” sample, but not 
both.  A sample card must be placed in each bag of material. 
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  This is a top view of the ring.  The solid circle shows the location of the  

sampling ring.  The dashed circle is an example of an acceptable new  
location for obtaining additional  material.  Note that the two locations  
must overlap. 

 
 
 
 
 
 

Figure A.1 - Moving the Sampling Ring 
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APPENDIX B 
 

Sampling Using Random Numbers 
 
The purpose of using random numbers in taking samples is to ensure that sampling is 
unbiased.  It prevents the preferential selection of a sample location based on some form 
of bias, such as sample appearance, etc. 
 
Calculators with random-number generation features may be used.  If this feature is not 
available, random numbers may be obtained from one of the twenty-six (26) random 
number tables available from the department (see example in Chapter 7 of manual).  To 
ensure that the numbers obtained from these tables are truly random, a consistent pattern 
must be used in extracting numbers from the tables.  Once a pattern is established, it shall 
be used for the duration of the project. 
 
In ABC sampling, the random numbers are typically used to obtain the tonnage at which a 
sample is to be obtained. 
 
Example 1:  Type A ABC - roadway (assume a 12’ lay-down width). 
 
  a) Random numbers are as follows: 
 
    1234 � column numbers 
    7316 
    3204 
    2976 
    8303 
    5556 
 

b)  Lot size = 5,000 tons 
c)  Take the “A” sample from the first 2,500 tons and the “B” sample from 

the second 2,500 tons 
d)  “A” sample to be taken at  
  2,500 tons x 0.73 = 1,825 tons 
  12’ x 0.16 = 2’ from either edge 
e)  “B” sample to be taken at 
  2,500 tons x 0.32 =    800 tons + 2,500 tons = 3,300 tons 
  12’ x 0.04 = .48’ < 2’ � use 2’ from either edge 
f)  Locate “A” and “B” sampling sites based on tonnage 
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Example 2:  Type B ABC - spreader box or conveyor belt. 
 
  a) Random numbers are as follows: 
 
    1234 � column numbers 
    9264 
    5858 
    2889 
    5131 
    9055 
 

b)  Lot size = 5,000 tons 
c)  Take the “A” sample from the first 2,500 tons and the “B” sample from 

the second 2,500 tons 
d)  “A” sample to be taken at  
  2,500 x 0.92 = 2,300 tons 
e)  “B” sample to be taken at 
  2,500 x 0.64 = 1,600 tons + 2,500 tons = 4,100 tons 
f)  Locate “A” and “B” sampling sites based on tonnage 
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                                 APPENDIX C 
 
 

Table 1010-1 
Aggregate Base Course 

Gradation Acceptance Ranges 
 
 

Column A 
(Sieve Size) 

Column B 
% Passing 

Column C 
% Passing 

Column D 
Range 

(between “A” and “B”) 

Column E 
(penalty points) 

1-1/2” 100 98-100 3 1 
1” 75-97 72-100 15 1 
½” 55-80 51-83 20 1 
#4 35-55 35-60 18 3 
#10 25-45 20-50 18 2 
#40 14-30 10-34 14 3 
#200 4-12 3-13 7 5 
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                                 APPENDIX D 
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APPENDIX E 
 
Procedures for entering samples into HiCAMs 
 
Select “Functions”; then “Sampling”; then “Enter Sample Details” 
 

 
 
Enter the “Sampled Date” 
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Enter “Contract” and select “Material Type” = “Aggregate Base Course”.  Highlight 
appropriate item the aggregate material is being used in. 
 

 
 
Enter required fields under the “General” tab. Only one sample needs to be created in 
HiCAMs for the “A” and “B” sample pair.  Note the “Field ID” has “RA-4A,4B” 
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Enter required fields under the “Cont/Loc” tab 

 
 
Enter required fields under the “Tracking” tab. 
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Enter “Approved Producer/Supplier” of the product under the “Prod/Supp” tab. 

 
 
If all required information has been entered, pick the “Save” function.  The system will 
prompt you if any required field(s) has not been entered.  A “Sample ID:” will be 
displayed if all information is entered and the sample was successively saved into HiCAMS 
(record Sample ID # on sample card). 
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Since the HiCAMs database is changed periodically, personnel responsible for entering 
data into the system should monitor the Construction Unit’s website for updates.  The 
information can be found under the “Resources & Forms” Section. 

 
 
The Materials and Tests website can also provide information relating to HiCAMs. 

 


